Abstract Human and non-human remains recovered in the early 1960s from the Negata site at Hamakita, central Japan were dated by radiocarbon accelerator mass spectrometry. These results and revised fluorine dating yielded consistent dates of about 14.0 14 C ka BP for the Hamakita Upper Layer human bones, and the most probable age estimate of around 17.9
Introduction
The so-called 'Palaeolithic hominid' remains from the Pleistocene of Japan have so far been reported from more than 15 sites, mostly from calcareous cave and fissure sediments. The dating of some of these remains, however, has been surrounded by controversy. Recently, new data have become available concerning the relative and chronometric (absolute) ages of these 'Palaeolithic hominids'. Results have revealed that, although the hominid fossil record of Japan dates back to at least 30 ka BP (e.g. Trinkaus and Ruff, 1996; Matsu'ura and Kondo, 2000) , hominid specimens from more than half of the 'Palaeolithic hominid' sites are considered to belong to later ages such as the MesolithicNeolithic Jomon period (beginning ca. 13 ka BP) or even historic times (Matsu'ura, 1999; Matsu'ura and Kondo, 2000) .
The case of the Mikkabi hominids is a notable example (Matsu'ura and Kondo, 2001 ). These human bones, found in around 1960 at the Mikkabi Tadaki site in Shizuoka prefecture, central Japan, and formerly interpreted to be of late Pleistocene, have long been cited as a Pleistocene hominid representative of Honshu island (mainland Japan) that predates the Mesolithic-Neolithic Jomon period. Radiocarbon and revised fluorine dating of the human and non-human bones from the Mikkabi site, however, as reported in a recent paper (Matsu'ura and Kondo, 2001) , show that the Mikkabi hominids actually belong to the early Holocene. The present paper deals with the latest research results on the age of another well-known Pleistocene hominid material, the 'Hamakita man'.
The Hamakita human remains (Suzuki, 1966) were recovered from fissure fillings at the Negata (spelled as Nekata in limestone quarry site in Hamakita city. The site is located close to the Mikkabi site in the Pacific coastal region of Shizuoka prefecture. Although detailed information on the exact geological provenance of the human remains was not available, the specimens were divided into two chronological groups ('Upper Layer' and 'Lower Layer') based on the results of bone fluorine analysis, color of bone, degree of fossilization, and other aspects of geological context recognized during excavation . The human bones attributed to the two chronological age groups were as follows: At the Negata site, two horizons-the younger 'Homo bed' and the older 'Felis bed' (see Figure 1 )-have yielded abundant mammalian fossils; these beds were thought to be the possible sources of the human remains. The Upper and Lower Layer human bones were interpreted to have derived from the 'Homo bed' and the 'Felis bed', respectively (Hasegawa, 1966) .
Fluorine analysis was conducted by Tanabe (1966) , who reported that the fluorine content of bone samples from the Homo and Felis beds differed significantly. Relative dating by fluorine analysis is based on the diagenetic uptake of fluorine from surrounding soil and groundwater, and its accumulation in apatite crystals of buried bone at the cost of hydroxyl ions. Tanabe (1966) remarked that the fluorine measurement of the Lower Layer human tibia corresponded well to that of the mammalian remains from the Felis bed, and that the measurements of the Upper Layer human bones were much closer to those of the Homo bed mammals than the Felis bed mammals (Table 1) .
Assessment of geological age of the Hamakita Homo and Felis bed remains has been based primarily on Takai and Hasegawa (1966) and Chinzei (1966) . Takai and Hasegawa (1966) concluded that taxonomic composition of the Gansuiji Formation fossil fauna, which includes both Homo and Felis bed materials, resembled that of the Upper Kuzuü Formation of Tochigi prefecture, and is referable in age to the late Pleistocene. Chinzei (1966) made sedimentological and stratigraphic comparisons and inferred that the Felis bed correlates with the main part of the last glaciation, while a conclusive geological age estimation of the Homo bed was not made.
Another age estimation was attempted by Yokoyama (1992, and see Suzuki, 1998) , who carried out non-destructive gamma-ray spectrometric uranium-series dating of bone, which gave dates of 15600 ± 2200 BP (U-Pa age) and 18100 BP (U-Th age, error not documented) for the Hamakita Upper Layer human parietal. There are, however, many problems regarding uranium-series dating of fossil bones since uranium can be either taken into or leached out from bone during burial (e.g. Aitken, 1990; Omura, 1999) . Moreover, we doubt the suitability of non-destructive uraniumseries dating for bone such as skull portions, as these comprise a considerable amount of cancellous tissue (substantia spongiosa), which is liable to contamination from soil particles and other extraneous mineral grains. Given these uncertainties, the reliability and significance of Yokoyama's (1992) U-Pa and U-Th (see Suzuki, 1998) dates are hard to assess.
The chronology of the Hamakita human remains is thus hitherto unresolved (Matsu'ura and Kondo, 2000) . We report here results of newly conducted fluorine analysis and direct radiocarbon dating of selected human and faunal remains of the Negata site at Hamakita.
Materials

Human remains
Samples for analyzing fluorine and radiocarbon were taken from the parietal (portion of a parieto-frontal partial calotte), occipital, and humerus of the Hamakita Upper Layer, and from the tibia of the Hamakita Lower Layer. A sample was taken in addition for fluorine analysis from the Hamakita Upper Layer ilium. All these human specimens are housed in the University Museum, the University of Tokyo.
Faunal remains
Eleven samples (three from the Homo bed and eight from the Felis bed) were used for fluorine analysis from the Hamakita bone specimens collected by the late Giichi Tanabe and stored in Ochanomizu University. Of these samples, one Homo bed deer sample with a fluorine level comparable to the Upper Layer human remains and two Felis bed leopard/tiger samples with fluorine levels comparable to the Lower Layer human tibia (Table 2 ) were subjected to deposits at the Negata site: 1, younger deposits; 2, land snail-bearing brown sandy clay ('Shell bed'); 3, deep brown clay of residual type ('Homo bed'); 4, gravel-bearing brown clay ('Felis bed'); 5, olive-colored silt with laminations; 6, yellowish-brown laminated sandy clay ('Pisces bed'). Figure slightly modified from Chinzei (1966) . Vol. 113, 2005 radiocarbon measurement.
Methods
Fluorine analysis
Fluorine was determined electrometrically using the specific ion-sensitive membrane electrode as described below. Further details of the experimental procedure are given elsewhere (Matsu'ura and Kondo, 2001) . A high degree of reproducibility of fluorine determination by this method is represented by CV (standard deviation/mean) values of 0.010-0.013 (Matsu'ura, 1991) . A general discussion and a detailed description of the electrode method for fluorine analysis of bone are given by Matsu'ura (1981) and Matsu'ura (1991) , respectively.
Procedure
A small transverse section of compact tissue (substantia compacta or dentinum) was cut from each bone specimen, and cleaned to remove surface dirt or other adhering matter. The sample was then ground with an agate mortar and pestle to a fine and homogeneous powder. In the case of the Hamakita human occipital, humerus, ilium, and tibia, about 0.02 g of powder was obtained from each specimen, from an unbiased portion of compact bone using a dental drill, after the surface at the drilling spot had been scraped away to eliminate possible contaminants such as soil particles. The powder was further pulverized in a mortar.
About 10-20 mg of powdered bone was weighed to an accuracy of 0.05 mg in a 30 ml beaker, dissolved by addition of 5 ml of 1 M HCl, and 5 ml of distilled water was added. Then the total ionic strength and pH of the sample solution were fixed by mixing 10 ml of a buffer prepared according to Buffer A of Matsu'ura (1991) which comprises metal complexant to dissociate fluoride complexes. The buffered system has final concentrations of 0.125 M HCl, 0.125 M KCl, 0.0375 M sodium acetate and 0.25 M sodium citrate.
A fluoride electrode (Orion Model 94-09) and a reference electrode (saturated KCl calomel type) were placed in the sample solution which was stirred with a Teflon-coated magnetic bar, and the millivoltage reading in equilibrium was recorded. The fluoride concentration of the solution was determined by reference to a direct calibration curve constructed with several standards of the same ionic strength and pH as the sample solution. In this experiment, standard solutions with fluoride concentrations, respectively, of 1, 2.5, 10, and 25 ppm as F -were prepared. The fluoride concentration of the sample solution was further converted into the percent fluorine content of the bone sample from the mass of the dissolved bone powder.
Radiocarbon dating
A gelatin fraction from NaOH-washed acid-insoluble collagen was isolated from each human bone sample (weighing about 0.2-0.5 g in the case of the present study) using the procedure described below and outlined in Figure 2 , following Kondo et al. (1992) as slightly modified by Matsu'ura and Kondo (2001) . The isolates were then sent to Beta Analytic Inc., USA, for radiocarbon measurement by accelerator mass spectrometry (AMS). Faunal samples in this study were scraped to remove surface layers, and then about 2-5 g of cortical bone was subjected to collagen extraction and subsequent AMS radiocarbon measurement by Beta Analytic Inc.
Procedure
After the surface contaminants at the sampling spot had been removed, compact bone powder was obtained with a dental drill. The prepared bone sample was placed in a test tube and demineralized in cold 1 M HCl. The supernatant was eliminated by centrifugation and the acid-insoluble residue was rinsed with distilled water. The acid-insoluble fraction was then treated with 0.1 M NaOH at room temperature until the yellowish-brownish color was removed from the insoluble faction. The residue was concentrated by centrifugation and rinsed to neutrality. The gelatin fraction was extracted by heating the NaOH-washed decalcified residue with 0.001 M HCl at 90°C for 10 hr. After centrifugation, the supernatant was transferred to a flask and then freeze-dried (Figure 2 ).
Results and Discussion
Our results of the fluorine analysis of the Hamakita materials are given in Table 2 . Four of the 16 samples analyzed here were taken from the same bones that were used in the study of Tanabe (1966) , and the resulting fluorine values are compared in Table 3 . The two series of data are in agreement for the human ilium, and also for the human parietal and humerus, though it must be acknowledged that these differences would include not only experimental errors but some intra-specimen variation in fluorine content of bone (see Matsu'ura, 1982) . As for the human tibia, the lower fluorine value reported by Tanabe (1966) might have been caused partly by contamination of cancellous tissue with some foreign matter such as soil particles. Due to the uncertainty over the differences between the two series of analytical results, here we treat the fluorine data from this study separately from those obtained by Tanabe (1966) . Figure 3 is a plot of our fluorine analyses for the Hamakita samples. As seen in Figure 3 , the mammal samples from the older Felis bed show higher fluorine content than those from the younger Homo bed, which is in agreement with the observation by Tanabe (1966) . The disparity of the fluorine content between the two groups is highly significant (P < 0.01) by the Mann-Whitney U-test. As for the human remains, the Hamakita Upper Layer specimens show comparable results with the Homo bed mammals. On the other hand, the fluorine content of the Hamakita Lower Layer tibia corresponds to that of the Felis bed mammals.
In order to develop a geochronologic framework for the Hamakita bone assemblages, and to obtain more reliable chronometric age estimates for the Hamakita human remains, we also applied AMS radiocarbon dating to four Figure 2 . Extraction of gelatin fraction from acid-insoluble collagen remnant in fossil bone. In this procedure (see text), the decalcification through to gelatinization steps are run in the same test tube (with a Teflon-lined screwcap) to improve the recovery of the specific chemical phase of bone for radiocarbon measurement. Analyses were not based on the same powdered samples. 1 Determined by visual-colorimetry, following the isolation of fluoride by steam distillation. Measurement error is not clear.
2 Determined by the ion-selective electrode method with a reproducibility of 0.010-0.013 represented by CV (see text), implying for instance that the precision is about ± 0.009% F (1 SD) when the measurement value is 0.750% F.
human and three mammalian specimens, which produced the dates given in Table 4 . Unfortunately, two (HKH-L-TB and HK-B-2) of the seven samples did not yield the required amount of collagen for radiocarbon measurement.
As is well known, 'radiocarbon years' are not equivalent to solar ('real') years, and there are offsets, which show secular variation, between radiocarbon and solar times. During the last decade, calibration methods have been developed which involve conversion of radiocarbon ages (BP) into calibrated ages (denoted by 'cal' as calBC, calAD or calBP). We report in Table 4 calibrated results obtained from the software CALIB rev 4.4.1 (distributed by the Quaternary Isotope Lab, University of Washington) based on Stuiver and Reimer (1993) and Stuiver et al. (1998) . CALIB rev 4.4.1 covers up to 24000 calBP (20265 BP). It should be noted, however, that calibrated years are more or less tentative with the need of better precision and reproducibility; they are particularly provisional for samples beyond 11850 calBP (about 10160 BP) such as those of the present study (Table 4) .
The uncalibrated radiocarbon dates for the Hamakita remains (Table 4) (Table 4) .
On the other hand, a direct radiocarbon date was not obtained for the Hamakita Lower Layer human tibia, but a probable age estimation of around 17.9 ka BP can be made from the radiocarbon date (17910 ± 70 BP) of the leopard/ tiger bone (HK-B-8) of comparable fluorine level with the Hamakita Lower Layer human specimen (Figure 3 ). It should also be added that leopard/tiger (Panthera cf. pardus) fossils were abundant in the Felis bed, but absent in the Homo bed . Table 2 ): circles, non-human from the Homo bed; triangles, non-human from the Felis bed; diamonds, Upper Layer human; square, Lower Layer human. Radiocarbon dating by accelerator mass spectrometry gave the following dates (uncalibrated): a, 14.0 ka BP; b, 14.1 ka BP; c, 14.2 ka BP; d, 13.9 ka BP; e, 17.9 ka BP (data given in Table 4 ). Viewed in the context of prehistoric cultures of central Japan, although no cultural remains were found from the Negata site, the Hamakita Upper Layer hominid compares in age with the micro-blade (microlith) phase of the final late Palaeolithic (see Inada, 2001; Oda, 2003) , and the Hamakita Lower Layer hominid compares with the later phase of the knife-shaped tool culture of the late Palaeolithic (see Inada, 2001; Oda, 2003) . We note here that the Hamakita Upper Layer remains (cranial fragments, partial humerus, and others) show morphological characteristics similar to those seen in the Jomon-age skeletons, while the Hamakita Lower Layer specimen (tibial fragment) lacks such characteristics (Suzuki, 1966) .
The Hamakita Upper Layer specimens are the first human bones in Japan to have been directly dated by the radiocarbon method and securely assigned to the Palaeolithic, which predates the Mesolithic-Neolithic Jomon period (which starts from ca. 13 ka BP in central Japan). The Hamakita Upper Layer human remains may now be identified as representing a 'Jomon-type' of Palaeolithic human population. The chronology established by the present study corroborates the view given by Suzuki (1966) that the Hamakita 'Upper Layer man' is a probable ancestor of the Jomon people.
From examination and evaluation of both past and new chronological data on the Palaeolithic hominids of Japan, including the results presented above, the following inferences may be drawn with reference to the issue of the formation of the Jomon people in Japan (Matsu'ura, 1999; Matsu'ura and Kondo, 2000 Minatogawa specimens (Okinawa island), which also have close morphological resemblances to Jomon-age skeletal remains, especially in postcranial characteristics, are tentatively assigned to a period younger or no older than 18000 BP. 3. The above observations suggest (see Matsu'ura and Kondo, 2000) : (a) humans with morphologies similar to the Jomon people arrived from the Asian continent or some other region after 18000 BP, or (b) in situ microevolution within the Japanese archipelago due to environmental changes took place after 18000 BP. From an archaeological perspective (e.g. Inada, 2001; Oda, 2003) , the micro-blade industries of the Palaeolithic of Japan are technologically not characteristic of spontaneous development from the preceding knife-shaped tool industries. Furthermore, it is thought that at least part of the micro-blade industries were introduced from the Asian continent. Hence, new diffusion of people from the continent is plausible. Nevertheless, the possibility of exotic origins or regional continuity within Japan, in explaining the emergence of the Jomon people and culture, is the subject of future research, which hopefully will lead to the finding of human fossils in an archaeological context. For the time being, the approximately 14 ka BP Hamakita Upper Layer remains are the earliest 'Jomon-type' Palaeolithic human fossils on Honshu island, mainland Japan.
Conclusions
Human materials known as the 'Hamakita man' from the Negata limestone quarry site in Hamakita city, Shizuoka prefecture, central Japan, are now confirmed to be referable to the late Palaeolithic period. The Hamakita Upper Layer specimens are dated to about 14.0 14 C ka BP and the Hamakita Lower Layer specimen is estimated to be around 17.9 14 C ka BP.
